Dynamics of a Discrete Predator-Prey System  by Fang, Qibin et al.
 Procedia Engineering  38 ( 2012 )  1793 – 1800 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.06.220 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1794   Qibin Fang et al. /  Procedia Engineering  38 ( 2012 )  1793 – 1800 

functional response, and its various generalized form have been well studied.
When 01 , 12 , 3 , system (1.2) will be the following ratio-dependent predator-prey
model
),(
),(
(1.3)
(1.3) has been studied by many authors and seen great progress. See Li and Takeuchi[3].
On the other hand, when the size of the population is rarely small or the population has nonoverlaping
generation, the discrete time models are more appropriate than the continuous ones[4-7]. Discrete time
models can also provide efficient computational models of continuous models for numerical simulations
(see 4–7). This motivated us to propose and study the discrete analogous of (1.2). Following the same
idea and method in [4], one can easily derive the discrete analogue of system (1.2), which takes the form
of
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In this paper, we always assume that all parameters are positive.
From the view point of biology, we will focus our discussion on the positive solutions of system (1.4).
So it is assumed that the initial conditions of (1.4) are of the form
0)0(,0)0( . (1.5)
It is easily to see that the solutions of (1.4) with the initial condition (1.5 are defined and remain
positive for all .
ystem (1.4) is said to be permanent, if there are positive constants 21, , 21, such that
each positive solution ( ( ), ( )) of system (1.4) satisfies
11 )(suplim)(inflim , 22 )(suplim)(inflim .
.1[4] Assume that )}({ satisfies 0)( and
)}(exp{)()1( , 0 ,
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where all parameters are positive. Then
)1exp()(suplim .
[4] Assume that )}({ satisfies
)}(exp{)()1( , 0 ,
)(suplim and 0)( 0 , where all parameters are positive. Then
)exp()(inflim .
Assume that 0
2
holds, then for any positive solution ))(),(( of system (1.4),
one has
)1exp()(suplim 1 and )1exp(
1)(suplim
2
2 .
Let ))(),(( be any positive solution of system (1.4), from the first equation of (1.4), it
follows that
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By Lemma 2.1, we obtain
)1exp()(suplim 1 .
Similarly, from the second equation of (1.2), it follows that
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Under the assumption 0
2
, by Lemma2.1, we obtain
)1exp(1)(suplim
2
2 .
This completes the proof of Lemma 2.3.
Assume that 0,0 21 . Then for any positive solution ))(),(( of system 1.4 ,
one has
1)(inflim , 2)(suplim
where
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Let ))(),(( be any positive solution of system 1.4 , from the first equation of (1.4), it
follows that
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Under the assumption 01 , By Lemma 2.2 and Lemma 2.3, we obtain
)exp()(inflim 1111 .
Similarly, from the second equation of (1.2) and Lemma 2.3, it follows that
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By Lemma 2.2 and Lemma 2.3, we have
)exp()(inflim 2221 .
From Lemma 2.3 and Lemma 2.4, we obtain the following theorem.
Assume that
02 03 , 0
23121
1 (2.1)
hold, then system (1.4) is permanent.
This section devotes to study the global attractivity of the positive equilibrium of system (1.4). In the
following, a positive equilibrium of (1.4) is denoted as ),( *** .Note that ),( *** satisfies the
following algebraic equations
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That is
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It is easy to see that
*
*
*
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*
3
*
21 . (3.3)
A positive equilibrium ),( ** of system (1.4) is said to be globally attractive if each
positive solution ))(),(( of (1.4) satisfies *)(lim and *)(lim .
([3]) If the condition
12 )( (3.4)
holds, then system (1.4) have a positive equilibrium.
In addition to (2.1) and (3.3), assume further that there exist positive constants
, and such that
*
22121
*
23122
1 )(
))](([}2,min{ (3.5)
and
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Then the positive equilibrium ),( ** of system (1.4) is globally attractive.
From (3.5) and (3.6), there exists an enough small positive constant }2,2min{ 21
such that
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For any positive solution )(),( of system (1.4), it follows from Lemma 2.3 and Lemma 2.4 that
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(3.9)
In view of (3.9), for above , there exists an integer 01 such that, for all 1 ,
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From (3.1) and the first equation of system (1.4), we have
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By the mean value theorem, we have
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where )(1 lies between )( and
* .It follows from (3.11) that
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and so, for 1
.
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Let
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From (3.1) and the second equation of system (1.4), we have
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By the mean value theorem, we have
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where )(2 lies between )( and
* .It follows from (3.11) that
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Now we define a Lyapunov function as follows
)()()( 21 .
Calculating the difference of )( along the solution of system (1.4), for 1 , it follows from (3.12)
and (3.14) that
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It follows from (3.3) , (3.7) and (3.8) that
].|*)(||)(|[)( *
Summating both sides of the above inequalities from 1 to , we have
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1
.
Then
1
]|)(||)(|[ ** .
Which implies
0]|)(||)(|[lim ** .
That is
*)(lim , *)(lim .
This completes the proof of Theorem3.1.
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